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,•• I.    Introduction                                                           --                                                   ..-   ' 

?•; A.    Purpose, of the project 

^* The primary purpose of this: project is the development of a. fluorine 
j*4 .                           containing öil- äi^fuel-resistant^el-ästömer which will retain its. rubbery 
"^ -...__..-    properties between" -r[0°F, änd_+l6p^jT,                                                                           _ -_. 

B'i-    ge'searc'k Program 

f;f' .     .          - --                     -                   - . 
#= To achieve this goal,, the M. W. Kellogg Company has been authorized 
"<•' . - ..'       by the- Quartermaster «Corps to- conduct ä broad investigation •of fiuorocarbon 
I;, " *      polymers involving .(!)' monomer synthesis.; ;(:2:) polymer preparation; and (3) 
£: polymer evaluation. Emphasis has been placed upon polymer preparation and 

.}..[ especially upon the.copolymerizailon of fluoro^ole-fi-ns and fluoröchloro- 
olefins among themselves and with olefimie and diolefinic hydrocarbons.. 

fy Monomer synthesis, at Kellogg, has 'been restricted largely to products 
arising from the thermal dimerization of CF2=CFC1,. •namely/ Glg=CF-GE=CE2^ 
CFi-CF=C'F^CF2^ and,CF3-CF=CF2'. Other monomers not available' commercially 
have been"requested from Dr. Paul Tarrant of the University of Florida, 
Dr. Aldrich Syverson ofLthe Ohio. State University, and Dr. W. T. Miller of 
'Gqrjigll University, or.obtained ön an exchange basis from Minnesota Mining & 

:V\    -•    .'•-  sMahüfäctttfihg-G'O;. 

Polymer preparation has proceeded through three phases-.: (a) exploratory 
cüpölymerization, of new monomer pairs; (b) determination of the relative, reac- 
tivities of monomers- successfully copolymerized into, elastomers-; and -'(c) syn- 
thesis- of compositiohaiiy homogeneous, pound batches of these elastomers in 
several-co^monomer"ratios for evaluation. 

,. -,'i Polymer compounding, testing,, and evaluation have been made the re- 
; -?}, " .      sponsibility ofMr.. G. B. Griff is of the Chemical '&• Plastics Laboratory of 
>••= v^ the Philadelphia. Qua-rterma'ster Depot. „ 

»*'     -        •" G. Past Progress ' vn --. - ,--"--.----•-- ------- 
•a "      -    O • .-      - =. 
^o; , 1.    Quarters completed as of December 31 •> 1951"     o 

• ' «s<    - ._•<•' -' ' -        '      -— 

'•»5 -2. - MjoiiOmers available for copolymerization: 22 

:. - *£•  ""     .-*..»-     '• 'a-. Purchased: 12  - - ~ 
, i"-^    ;"       """        b. Minnesota. Mining & Mf:g. Gö.t 2 

c. Dr. Tarrant:  | 
d.. Dr. §yversön: .1 
e. ..M';. '•¥. Kellogg Co.: :l) 

3-. .'C'opölymer systems investigated: fc£ 
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'k.    Rübberlike eöpolymerö selected för evaluation; 

5» Monomer reactivity ratios determined;* h 

M.± Mg . 'ri 

18 

£2 

CF2=CFCI butadiene'  . „ 0.00 I-3P 
CF2=GFS1 istsprene 0.11 l.kl 
OF^CFCI GFg=Cg2 0.. 52 0.17 
CF2=eCl2 isoprene 0.00 0,1*5 

6. Rubbers evaluated,: /!/ 

System, 

'5 

QF2= CFCl/butadiene 
eF2=CFCl/isoprene 
CF2=eFCl/CF2=CBe 

Combined _, " 
Molar 

Tensile 
Elonga- 
tion 

% Swell . 
TRrlO . Ratio SR-6 SR-Op TR-70 

10/90 
13/87 
5Q/5O 

1360 psi 
1750 

l80# 
250 

218  168 
.226  196 
10    2 

-61 °C. 

•43 -33 

-I I 

t A ,. 

i1   ."! 

r.s 

if^ 

Tentative .conclusions-:  (l) Better low temperature properties if polymeriza- 
tion is carried out at 50°C". räther than2Ö°G; (2) No. difference in solvent 
resistance between equivalent 50° and 20° rubbers; (,3) Butadiene copolymers 
•are better at low temperatures than isöprene copolymers • 

7 • Alfin and anionic (Na.) polymerizations of fluoro-olefins 
unsuccessful. 

8. No glass: transition temperature observed for Teflon, KEt^F,," 
pölyperfluorpbütadiene,,. and polytrifluoroethylene from -150'°^. to< +85 °C;. 

II. Summary, of Gurrent Pre>gre,gs 

" The number of monomers available for eöpölymerizatiön .studies, has in- 
creased to .25* the number of copplymer systems, investigated to 53', ^^ ^e 

number of rubberlike systems to 21. Monomer.reactivity ratios have 'been 
determined for one additional pair,, CF2=CCl2'/butadiene? The effect of 
conversion on instantaneous, cqpolymer composition has- been calculated for 
this system,, 

In the CF2=CGl2/isoprene series, adequately homogenequs copolymers. have 
been tested at the 25/75 'add ii-O/60 molar levels. The IÖ/9Ö .copolymer is 
ready for test. Of the three GF^CGl2</but.adiene rubbers scheduled for- test, 
two (at the IQ/90 and, 25/75 molar levels) have been tested and the third Cat 
the ko/'BQ  level), is in process. Test results on several CFgsCCla/butadiene 

/l/ Well-cured black stocks except for CE2=CFCi/CF&=Cfl2 rubber, for_which 
raw ,gum values are presented. 

,C~ 
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and CF2=CHCl/butädiene rubbers.^ received from the Oft ice of the Rubber Reserve 
through the Quartermaster Corps, have been compared with data obtained for our 
presumably more homogeneous product's. 

In the CF2==CFCl/bütadiene and CFS'-CFCl/isoprene series, adequately homo- 
geneous products containing 25 mole jo  or more of the fluorocai-bcn must be 
prepared by increment feeding techniques^ Pound hatches of 25./75 and W/60 
molar CF2=CFGl/butadiene rubber are now being prepared for test, and pilot 
quantities of the corresponding CF2=GFCl/isopreae copolymer^s have been pre- 
pared,. In both series, the IÖ/96 fiiolar products have been evaluated pre- 
viously. _Ä deliberately heterogeneous kO'/GO molar CFg^CFCl/bUtadiene copolymer 
has also been prepared for test; 

, Progress has been made in the vulcanization of "saturated" rubbers, 
exemplified .by the eF2=CFCl/CF2-CH2 copolymers in the neighborhood of 50/50 
molar. These rubbers process readily on a warm mill, but incorporation of 
fillers is facilitated by the addition of 5-15 parts KEL-F oil. Polysulfide 
and peroxide-amine cures, seem most effective at the moment. 

• The homopolymer of CH2=CFG1, one'of the 18 rubberlike products selected 
for evaluation,, has been rejected because of poor processibility. 

Cöpölymers of 'CF2=GFCl/n-butyl acrylate, which are rubberlike over a 
wide range of fluorocarbon content,, have given evidence of being "grafted" 
polymers composed of an acrylate backbone and fluorocarbon side chains. 

The production, of CF2=CF-CF=CF2 from 'CF^CFCl has been interrupted 
temporarily because of the apparent toxicity of some of the by-products.. As 
soon .as improved ventilating facilities are availablej. production will he 
resumed. 
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III.    Experiment 8.1 Seet'ipn 

Ä.    Monomer Synthesis 

Twenty-five monomers, are now available for copolymerization studies: 

1, CFg=CECl, 13. 
2». „CF2=CH2 Ik-. 
3. GH2=°CH-eS=CH2 15- 
k. CF2=CF-CF=CF2 16. 
5-. CH2=C(«CH3)-CH=GH2 1J. 
6. (CH^gO^CBg      . -18, 
T • CF2 -CF= CF-CF2 19-. 
8. CH£=CHC1:    '   , 20. 
9- CF2=CCl2 •   Si. 

10. CH3''-CI&CF2 22. 
11. C6H5-eH=CH2 23. 
12. CH2^'CCl2 2k 1 

&5* 

GH2=CC1-.CH=G)% 
GF3^CF=CF2 
CF^CF-CÜT 
GH2=CH-GU. 
CH2=.eH-C00.Gl|Jl9  (n) 
CF2=CHC1     " 
CF3-GGI=CC1-CF3 
CF3-CHCOF3 
0Fg=ClF 
CH2=CFGl 
eis. CF3-C&CH-CF0 
CF2=GF2 
trans CF3-CE=CH-CF3 

During the current quarter, Dr. Syverson-has submitted one pound 
lots of eis and trans GF3TCI§=C.H-CF3 prepared as follows^ 

!   * 
GCl2=CCl-GCl=CCi2 

S'bF^C'lß. 

GF3=-GClf=CGl+CF3 

HGOHH2 .  , 

trans C^-CfeGH-CFg. CFo-r'CsCr-CFj 

Cb.. -6:2^9I0°C*} %.[ Raney M 

cig. 'GF3-CH0GH-ÜF3 

(b-.  32*C,) 

Dr. Täffänt lias submitted 8,7"'pounds öf-CE^ßFCl to supplement 
tne one pound batch previously sent to- us, as well as one pound of 
GF3-CF=GF2  (b.  -31° to -29°C,.J  prepared by dec opposition of sodium per- 
f luorobutyrate •• 

! ''-=' 
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_ -        'Several pounds of CFgsCFj) have been prepared in our laboratories by 
1 zihc-methanöl dehälogenatiön of C^Br^-GF^Br received from Kinetic Chemicals 

Division* 
J'--. • . 

The synthesis of CF2=CF-CF=CF2 (FBD:) from CF^CFCl has befen inter- 
f rupted temporarily because of the apparent toxicity of certain by-products, 
* notably CFg-CF=GF-CFg. However,  approximately two and öne-half pounds of the 

* highly purified diene (b.. 6.4-6.'5?C.)- were isolated prior to the shutdown. 
This quantity will suffice for the determination of FBT3/butadiene and 
FBIJ/isoprene reactivity ratios and for the preparation of some larger batches 

•° of these copolymers for tests. The synthetic program will be resumed as soon 
as improved Ventilating facilities are available; 

';-  ' B. Polymer Preparation 

The twenty^öne copolymer systems considered rubbery enough for 
evaluation are the following, (where the numbers refer to the monomers listed 
in Section III-A): 1-2, 1-3, 1-5, 1-13» 1-17, 1-22, 2-4, 2T22, 3-4, 3-9, 
3-18., 3-19, 3-21-,. 3-22,, 3_2'4, 4-5, 3-9,  9-12, 9-13, 9-17> and 22. 

i   ° 

Recent experimental data relative to these and other copolymer 
systems; are detailed in the following sections. 

1 • 'Copolymers of CFg^CFCl, (KFj and CFp-CEfe 

During: the current quarter, no further attempts have been made 
to prepare a homogeneous 50/50 molar KF/vF2 copolymer by increment feeding 
techniques. Instead, several batches of admittedly heterogeneous product 
with ari average composition of about 50/5O molar have been synthesized in 
persulfater-bisulfite suspension at 20°C., blended, and sent to the Bepot for 
•vulcanization -studies '(see Section III-C- for results), until a satisfactory 
curing recipe has beten developed for this type of "saturated" rubber., there 
will be no need for homogeneous products'for final evaluation. 

2, Copolymers, of ,CF2=g|'Gl -(Kg)' and Butadiene JBP) 

lii the last quarterly report. (RL-52-lSi), i* was shown that 
adequately homogeneous {tS-jb} KF/BB copolyjaers can be prepared at. the IÖ/9.G 
molar level by a single initial charge of monomer (composition = 15/85 polar')- 
if the coVersioh is limited to about 60%>>.    Such a polymer has been made and 
tested'(Polymer 323-ßf,. in section III-C, report ;RiL^52~l83-) • . Copolymers. of 
•P^BD- at the 25./?5 and 4Q/60- molar levels,, on the ©tier hand., can be prepared 
hemogeheoiisly- on a practical scale only by increment feeding techniques., since 
the limiting conversions for homogeneity are excessively low« 

'To date,, there have been four attempts to prepare a homogeneous. 
25/75 molar copolymer by increment- feeding; In each ease 5Q0 grams of monomer 
(composition: 4o/60 molar, as determined from reactivity ratios)' have beert 
charged into a one gallon autoclave initially, and seven- 60-gram increments 

- 
V» .. 

.".",'-     V 

• •    ;"'•;  :, \h '     .{". "''f, /- 

 •" T r ' 



1 
THE M. W. KELLOGG COMPANY 

Petroleum & Chemical 
Research Dept. 

Jer»6y City, N. X. 

1KELL0GG1 
—W^ 

Report No. RLr52-l95 

(composition: 25/75 molar)' added periodically at a rate supposedly equal to 
the rate of, polymerization. In theory, the yield should have been ^80 grams 
and the average composition 25/75 molar at the end Of eight intervals, „ Data 
are tabulated below for the four runs in the Mutual recipe at 5Q°C« 

•Code: 

¥:5.-S-. 
532-6 
527-G, 

Charging 
Interval 

1 hour 
. 2 
3 
.2 «5 

Polymer 
Actual    Composition 
Yield     . (KF/BD)_ Remarks 

172 
356 

H-56 

16/84 molar 
21/79.   : . 
22/78 

Conversion too low 

high 
Being dried 

The' yield from run 527-G, seems to be close to the desired 480 grams'.  If 
this is the case when the sample is thoroughly -dried., and if the composition 
is close to 25/75 molar KF./BD, it will be sent to the Depot for test. 

„There have been two similar attempts to prepare a homogeneous 
ho/60  molar KF/BD copolymer„ In each case, 5Q0 grams of monomer (composi- 
tion: 72/28 molar) have been charged initially and 30 ,gram increments 
(composition: 40/60 molar) added periodically at a rate supposedly equal to 
the rate of polymerization,, Data are tabulated below for two trial runs, 
in which the theoretical yield should have been 9° -grams. A third trial run 
is under way. 

Code 

519^-G 

Charging 
Interval 

3 hours- 
2'  " 

Actual yield 

216 gm. 
138''gm-. 

Remarks 

Conversion too high 
Conversion too- high 

There is: no assurance: that homogeneous copolymers are   . „ 
necessarily the 'best Arctic Rubbers. Homogeneity iS' being, stressed pri- 
marily so that the effect of copolymer composition upon propei ties might 
be -evaluated with -some precision.. For comparative' purposes >. ä deliberately 
heterogeneous- hof'6'0  molar KF/BD' copolymer (529-G) has been prepared in the 
Mutual recipe at 3@°G.  by charging the .entire quantity of monomer initially 
(•composition:,. ^-O/'oO molar), and (carrying the conversion to as= high a level 
as possible. The actual conversion was 75$ > but the sample must" still be 
analyzed before it is, released for test.. 

L- "•'i^i "I 
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3. Cöpolymers of CFp=CFCl (KF) and: Ispprene(±) . . 

Here, too,, adequately homogeneous copolymers can be prepared at 
the I0/9Q molar level by a single initial charge of monomer (composition: 
15/85 molar). For test results, confer the last quarterly report, RL-52-I83,       •-- 
section III-G., run 316-G. At the 2.5/75 and ho/60  molar levels, however, the 
monomers must be charged' incrementally to maintain copoiymer homogeneity., • 

Two trial runs have been made at the ^0/60 molar level. In each      0 
case.,, 500 grains of monomer (composition: 6h/j>6>  molar KP/l) were charged ini- 
tiaily> and two 50-gram increments (composition: 4o/6"Q molar) added ät two-        l: 

hour intervals,. In the first run (535~G)> in which 0.1 part K202O8 was used        J 

in the Mutual recipe at 50°C, virtually no polymer was. obtained after ^ix ;< 
hours . In the second run (538-G), in which the K2S2O8 was increased from" I 
0.1 to 0.3 part, the yield was 20'f grams,, somewhat greater than the 150 grams 
predicted by theory. After further adjustment is made in charging pro6edure, 
a full scale run"will be attempted. 

Trial runs have also been made at the 25/75 molar Kir/I level-, 
but conversion-composition data are not yet available:. ? 

k.    Copolymers of CF2=Qpi2 (g); and Butadiene, (BB) - '- 

Monomer reactivity ratios have now beten computed for .CFg=CCl2 '" 
(M^) and butadiene (Mg) on the basis of previously reported kinetic data,. 
These parameterb (ri =\ 0.-,00- ±0.06 and vg .==. 0..Ö0 *0..05> are similar to those 
already reported for the CFgpCC^/isoprene system. In both cases, the fact        '•. 
that ri equals zero indicates that the -CF^-GC^.' - radical cannot add to 
CF2=Cei2 but must add to the diene, whereas the diene radical may add to I 
either CF2=GCl2 or its own monomer but prefers to add to CFgeCC'l^ W a ratio 
of ,2.2/1 in the- case of isoprene and 1.2,/l in the case of butadiene. An ; 
instantaneous copolymer-feed composition diagram based on the G/BB constants 
appears in Figure 1 (A)'. Up to about 20 mole $ G,,, the curve follows closely 
the azeptrop.iC' line> so that in this, region a .given feed will produce ä polymer 
of essentially the same composition from 0-100$ conversion^ Above :20 mole $ G 
the- deviation becomes more marked, hut it seems likely that copolymers eon^ 
täining as' much -as 40 mole # ;G: can he made adequately homogeneous if conversions 
are somewhat below 50$ (ef,. Figure 1 ('B)) . ' 

j": .Of the three G/BB rubbers slated for test.,, two (at the 10/90 .and 
2f/75: molar levels,) have been prepared homogeneously on a pound scale and tested •. 
The third-, at the koJ-60 -molar level>. is now being, synthesized- Polymerization; 
c"°ta are tabulated below, and test result's in-Section III-G. All polymeriza- 
tions were run in- the Mutual reeipe--a<b-5Q-°C. in a öneVgallon autoclave. 

?,    &      . 'V •>   ** '--  V '. ' 
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.Moles p/BP. * 
Code.       Charged      Combined        Conversion 

t92-G 
498-G 
^93-G 
50Ö-G 

10/90 
10/90 
25/75 
60/1*0 

II/89 
IC 
2^ 

22 
70 
90 
53 

Remarks 

Too little rubber for test. 
Sent to Depot for test 
Sent to Depot for test 
Conversion too --highj^ heterogeneous 
powdery product.. Run being re- 
peated with conversion <<5Ö$ 

5. Cöpölymers of 'CF^CClg, Cfil and I-soprene _(i) 

Adequately homogeneous G/l cöpölymers can be prepared from a 
single, initial charge, of monomer if the conversion is limited to values cal- 
culable from the reactivity ratios (of. the' last quarterly report,. RL-52-I83, 
Figs. 3,k) . At the IO/9O molar G/l level, the limiting conversion is hO$y  at 
the 25/75 level.,. 50$; and at the li-O/60 leVei (which is azeotropic), IOÖ9L Two 
of these cöpölymers have been prepared on a pound scale and tested;, the third, 
at the 10/90 level, is ready for shipment to the Depot. Data for the various 
products,, polymerized in the Mutual recipe at 50°C.., are summarized belows 

Moles G/l , 
Code   Charged  Combined   Conversion   Remarks. 

V77-G- 
%9-£ T/93. 
533-G 7/93 
478-G 21/79'        2 
4:52 *G he/60 

12/89 
28 
38 
26 
51 
85 

•$.    Oopolymers -of CFp^CFCl 

CTO be blended for test as. soon 
(as 533-G is analyzed 
( 
Tests complete- Of- Section III-G. 

and n-Butyi Acrylate (BA) 

A number 6f KF/BA copolymerizations have been carried out, at ' 
'2.0;°C, in a persmfate-bisulfite .suspension recipe, which is capable of ^forming 
both hcmcpolymers '(and therefore- a mixture of polymers); as well .as a, true co- 
polymeri When these reactions are. carried to high' conversion a large propor- 
tion of KF can be incorporated in the product. 

Code  Chariged 
Moles ,KF/BA .. ¥t. charged 

Found   KF/BA 
'$>'  -       Hours 

Conversion Polymerization arance 

,219 50 
72 
72 
93 

±6 
16 

Powder 
Rubbei' 
Tacky rubber 

If the reactions, are shortstopped early in the polymerizaticn 
process,, the yield of polymer is. almost identical with the Weight of BA charged^ 
and the KF content of the polymers is very low. 

L. 
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'  Moles' KF/BA   Wt. Kft/BA      $ Hours 
Code  Charged . Found  Charged,  'Conversion  Polymerization 

Wt. KF/BA $ 
Charged, 'Conversion 

68/33 32 
58/42 42 
hi/53 53 
38/62 61 
28/72 70 

506 IO/30 6/9k       68/33 32 2 '    Tacky rubber 
507 6o/40 58/42 42 2       Rubber 
508 5Q/50' 47/53 53 2 
509 4c/6o 3B/62 61 ,2       " 

•• '"'•  510    3Q/7Q   2/98   20/72       70 2 " 

At first .glance these results seem to indicate that the products 
containing large proportions of KF are mixtures of polybutylacrylate and EE3L-F. 
But. acetone extraction of one' of these polymers (#219) which originally con- 
tained 46 mole per cent KF has led to a weight loss of 39$ and an insoluble 
residue containing only 43-5 mole per cent KF. Since acetone is ä solvent for 
polybutylacryiate- but not for KEL-F, it now appears that the products are true 
cöpolymers,, but of the "grafted" typej that is, polymers composed of an initially 
formed polybutylacryiate backbone on which polychlorotrifluoroethylfene side 
chains grow during the latter stages' of polymerization by a process of chain 
transfer., If this picture is correct, the resultant cöpolymers should be highly 
branched structures with a hydrocarbon backbone and fluorocarbon appendages. 
From this p<?int of view alone they are worth evaluating as Arctic Rubbers. 

7. Cöpolymers of 'CFg=CFCl (KF) and Chloroprene (CF) 
.p .-•-•.-• — 

•*-'' Because chloroprene is far more reactive thanCFj*=GFCl, it is 
virtually impossible to prepare cöpolymers -}  and especially homogeneous cö- 
polymers, with appreciable amounts of combined.CF2= CFG1. To date, the-highest 
KF level attained has been 12 mole per cent. The first attempt to- prepare a. 
product with more than 12 mole $ KF by charging all the KF initially and adding 

I ",-,' chloroprene «lowly has failed because of the unreliability of the Milton-rRoy 
; »•?' Mini-Rump-. Another' run is planned- in which chloroprene- will be fed to the auto- 
: W .; clave continuously through manually controlled rotameters. 

/ '       - - - ' 

''"•«' 8. Cöpolymers of GFg=CF^CF=CFg, •'(FJBgji)' 

'- %.:'. FBD  Gopölymerizes with butadiene ,(.J3D| and isöprene %X).  to 
' ---^ form rubberlike polymers .suitable for evaluation as Arctic Rubbers-. 'There 
- f_" is enough FED monomer- on hand now to. permit the determination of the reäc- 

•'L' tivity ratios for these systems- and to begin the preparation of larger samples 
i '-•-<; for test. Kinetic data gathered recently for the calculation of reactivity 

'! ^'-' ratios is tabulated below\s - 

VV-; 
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Moles- FBD/BD 
m— ...r .; >„..- — .„•—i,.,ir.U...=g, 

•Moles FBP/l 
Code  Charged', Combined  Charged  Combined j> Conversion  Appearance 

513 
514 
51'§ 

30/70 
•5O/50 
70/30 

22/ 
32/68 

12/88 

516 

35 
61 
22 
•39  • 

Very low 
21 

Rubber 
Rubber 
Tacky rubber 

Tacky rubber 

9- Polymers and Copolymers, of/,CHp=CFCl 

The homopolymer and many of the eöpölymers of CH2=CFC1 are 
rubberlike. The preparation of ä number of these systems has been reported 
in RL-52-I83.. Data are presented below for additional pairs and for ä pound 
batch of homopolymer sent to the Depot for test. (cf. section III-G for 
evaluation). 

Code 

468-G. 

470 

Moles  Moles 
Charged Found jo -Conversion 

CHp=CFCl only /l/ 

90- 

CF2=.CClg/C332=CFCl /l/ 

Hours 
Polymerization Remarks 

30 Tacky rubber, For 
test results, cf. 
section III-G.. 

461 
462 
463 
464 

70/30 
6o/'4o 
4o/60 
30/70 

- M 
11/89 

2 
6 

14   - 
12, 

26   - 
26 
26. 
26 

Flaky solid 
Hard solid 

»t           it 

-,S-1; tacky solid 

eF^e^i/eHp^cFci, /1/ 

457" 
458 
459 
46© 

70/30 
60/4©' 
4Q-/6Ö 
30/70 

70/3©- 
61/39 
42/58 
31/69 

96- 
97; 

'    1D0 
•fe 

8. 
% 
8 
•a 

Hard., flaky solid 
11           «           « 

Tough,  short • rubber 
Tough rubber 

" Bütadiene/OHr^eFCl M 
44 

5 
24 
24 

Rubber 
Tacky solid 
Rubber 

~fTf    Persulfate-bisulfite suspension recipe at 29°C. 
(if    Analyses  inaccurate because of retained iiiipurities or loss of F and Cl 
/%]    Mutual recipe at 50 ÖC. .  • --     ,'   ' - 

i '.    ",\i-      <     " tg *Va     tO,, ,?f     " "• •.   * ,?*„    '„/       \  ''I   , 

Z? 

V 
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10. Other Butadiene (BP), Copplymers 

Copolynierization of all available fluorocarbon monomers with 
butadiene is beiiig attempted because these products are invariably rubberliKe 
and vuleänizabie by ordinary sulfur-based recipes. Comparison of the cö- 
polymers at the same molar levels of fluorocarbon comöhomer content should 
give some indication of the more satisfactory fluorocarbon structures for oil 
resistance and low temperature flexibility. All runs were carried out. in the 

Mutual recipe at 50°Cc 

See table on next page. 
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•K 

•w. 

Moles Moles 
Code Charged Found 

472 
^73 
474 

30/70 
50/5Ö 
70/3O- 

-- 

m 
1+96 
482 
'483 
495 

25/75 
25/75 
50/50 

!t 

It 

4/96 

2/98 

48o 
48i 
494 

75/25 
It, 

II 
•^ 

525 
526° 

Conversion 
Hours 

Polymerization 

CFpjJF^ CF>CFp/BD 

5 
zero 
zero 

CFp=CECl/BI) 

zero 
39 

zero 
zero 

5 

zero 
zero 
zero 

=  CF>y=CHF/BI) /!/ 

very low 
very low 

24 
24 
24 

4 
24 

4 
8 

24 

_ 4 
8 

24 

5 
7 

Remarks 

Sticky,  semi^sölid 

,S1. tacky rubber 

Tacky rubber 

522 
523 

49I 

488 
489 
486" 

50/50 
to 

25/ '.f 5 
11 

28 6 
31 7 

els •CF^oa=CHvCF3/BD' 

trace1 

eFo^eHsCH-CFö 
•    1/9- 

,    2/ 
/25 
it 

33 20 -   Rubber 

39 24 ti 

14 .2-0' it. 

lg     • 24 11 

very lew.' 20? 
very low 24 

1 -'<! 

1 ?' : 

r*; 
1?# 

r 
/l/ ' Tetter yields of rubbery material have, been observed in later runs 

where polymerization, times have been increased to 24 hours. These 
products are still being dried and analyzed. Of all the explora- 
tory systems tabulated he;-.-e,, the CF2=CF2 and GF2=CHF eopolymers 
look best from the standpoint of yield and comohomer coutent. 
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11. Miscellaneous Exploratory Copplymerization 

Moles   Moles       $ Hours 
Cofe   Charged  Found   Conversion   Polymerizät ion   Remafks 

•CFg^cacX only /l/ 

497      -•      -       zero 24 - ' 

CFp= CHp /CF*>-CF= &FM3 jfr ,/g/ 

475    5©/'5Ö   /3/        1 24       Dry, flaky solid 

' f ", •^* Alfin Polymerization 

Alfin polybutadiene has been reported to be exceptionally sol- 
vent resistant ^s well as flexible at low temperatures. Earlier attempts to 
polymerize fluörocarbons such as CFg=CFCl and €F2=CF-CF=CFg with PP catalyst 
(cf. RL-52-I83,, p 13) were unsuccessful because of rapid side reactions leading 
to a brown methanol-soluble precipitate and probably WaF. More recent experi- 
ments with Alfin PP catalyst and 50/50 molar mixtures of CF^CFöI/BD and 
CE2=CF-CF=CF2/BD have been equally unsuccessful. 

G; Polymer Evaluation (with Mr. O. B. Griffis of the Philadelphia 
Quartermaster Depot,) 

1. Copolymers^ of QFpsC;pJG!,:('fcF'l ,a:nd-Butadiene (BP'), 

Ah adequately homogeneous member of this series, has been tested 
at the l©/90 molar KF/BD level .(elf. RL-52-183/, section III-G',, sample 323-G) • 
Copolymers at the 25/75 and 40/SÖ.^levels will be ready for test shortly. 

2 <    Cppolymers of\CF2=CFCl. (,KF.)-. and Isoprene |l) 

An adequately homogeneous member of this, series ha§ also- been 
•tested .at the 10/9O molar level.  (cf,, RL-52^1'83, section ill-C,. sample 
3ü.€^Gi'.i. Here.,, too., copolymers at- the .2:5/75 and 4.G/6Ö levels- are in process. 

3• Copolymers Of CF2=C.Clg;, !(G) and Butg-dtene 

Of the three oopolymers in this series' .slated for test,,, two.. 
Cat the IO/9Ö and 4o/S0 molar levels) have-'been tested. Polymerization 
recipes for these two rubbers '(,498-G and 493-G): appear in Table 1; com- 
pounding and curing, recipes, and test result's, iii Table 2.. Also included in 
Table 2 are results reported recently by M. Feldon and R. W. Läundrie öf 
the Government Laboratories,, University of Akron,, and relayed to-us by 
>Mr. Griffis,. '-'"•' 

/!/ Mutual recipe-at 506C. 
/2-/ Persulfate-bisulfite suspension recipe at 2©°G. 
,/3/ Analysis inaccurate because -of retained impurities or loss of F, 

L- 
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^• CppplymersLpf CE'2=QClg._.(:G;) .-and j^soprene ^(l) 

Polymerization recipes for two of the three members of this 
series scheduled for test are recorded in Table 1 (samples k'j&r-G and 452-G). 
Curing recipes and test results are summarized in Table 3- The last of this 
ßeries to be evaluated, viz.) IO/90 molar GZ!, is now ready for shipment to 
the Depot. • 

%    gopolymers. of Cf9=C„FCl and ,CE!p=CBg_ .) 

*Vv' 

Vulcanization öf  "saturated" rubbers, such äs the KF,/'V!F2 cö- 
pplymers., which are normally spj-uble in acetone in the range 30-7© mole $ 
VFg,, has »been attempted in ä variety.of recipes,. The solubility data tabu- 
lated below indicate that oxide., peroxide-amine.;, and polysulf ide cures are 
most effective in cross-linking KF/VF2 copolymers,. Further studies are being 
conducted on. benzöyl peroxide-cures at various levels of concentration,, time, 
and. temperature, and also on the hydräted sodium- metäsiiicäte-cälcium hydroxide 
cure developed by Minnesota Mining,.8s. Mfg(. Co. for vulcanizing, polyheptafluoro- 
dihydro' butyl acrylate. 

Cppolymers of KF/VFg are especially interesting because- of their 
oil resistance. Volume swell of the- raw gum after one day at 73°F. in, SR-*6 
has. averaged 19$, and in SB-10,. 2$a    Mechanical and low temperature properties' 
canhpt be evaluated until a vulcanization recipe' is worked out. For polymeric 
zation recipes, consult Table 1, samples 328, k^L-G.,  blend. 

S, :' 

fc' 

'1 H 

QMyCode Polymer Method .of Cur.e 
Appearance after ^8- hours 

in acetone,at t.30^' 

1F15, '32®,/i/-. Red lead, 'TETA Swollen _, 

Wll:' II ' Red lead Dispersed, 
solved 

partially :dis^ 

1F2Ö 'ij-,31-G M NaSx . Swollen 
1F24 . Blend ,/3/ B.enzoyl peroxide Dissolved 
1F26 ii-31-rG Benxoyl peroxide,, 

TETA 
Swollen 

3J29 Blend Hydrophobie .Silica .Dispersed., partially 
dissolved 

Xf 

!   Hi 

r 

incorporation of carbon black and silica into KF/VF2 has been 
facilitated considerably by the addition Of 5-W parts of KEL-FL0> plasticizer. 
Although the unsoftened polymers band readily on warm rolls;, they dö not be^ 
come plastic enough to take .Up, fillers, easily.. This is- especially true of 
the coppiymers. which differ' markedly in composition from the -50,/'50 molar 
level where the rubberlike properties of the, system are most pronounced. 
KEL^FIiO-oils blend with <KF/VF2 coppiymers in an unusual manner. The addition 
of a few -drops of Oil to the banded sheet -causes the rubber to disintegrate 

/•!/ "" Heterogeneous 50/5Ö molar KF/VF2 cppolymer 
./2-/' Homogeneous  70/30  "    "      " 
./'3/ Mixture of small, batches of KF/VF2 copolymers with an 

average composition of about 50/50 molar 
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into ä fine crumb,, which on continued milling soon re-bands into a continuous 
sheet-. Although this effect is encountered after each addition of plästicizer 
up to the 15$ level, KEL^FLO oils seemyjuite compatible with the rubber.. There 
is no evidence of bleeding or surface tack, as is the ease where hydrocarbon or 
Silicone oils are used äs plastieizers. 

6. HOmOpolymer of CB2=CFC1 

This rubber', designated U68-G, processes poorly. At room tempera^ 
ture it is fairly tough >and rubbery but at milling temperature it softens so 
much that it must be scraped from the rolls. This softening is not permanent 
•but it äoes interfere With normal compounding, procedures. "Moreover, the polymer 
is difficult to vulcanize (e.g.", benzoyl peroxide is ineffective) and its sol- 
vent resistance and low temperature flexibility are Obviously poor. It will 
not be further .characterized. 

7.. Copolymer .of GE&=CHSt,,.(Y) and Butadiene j(BD-), 

This series has been prepared in these laboratories on an ex- 
ploratory .scale but not in batches large enough for test,. Data are avail- 
able,, however, from the recent work- of M'. Feldon, and S« W. Laiindrie of the 
Government LaboräiörieS', University of Äkroii. Consult Table h-.. 

1, 

I  ) iV. Plans for Future Work 

A.. Preparation, of homogeneous samples of CF^C^Cl/butadiene and 
CF2=CfCl/isoprene rubbers at the 2.5/75 and 'kO:/60  molar levels; of 
GF2=CECl/CFg=CH2 rubber at the 7Q/3Ö, 5Q-/5Q.; and 3©/70 molar levels as soon 
as compounding and curing recipes, are worked' oütj and of CF2='C!F-CF=GF2/ 
butadiene rubber at, the %0:/fQ, .25-/T5-, and ^q/60 molar levels. Preparation 
of' homogeneous samples of the remaining rubberlike systems at three comohomer 
levels wherever feasible. 

1 M 

••;•* 

\    < 
• <-.- -I 

&, Evaluation of the. products for oil resistance1, low temperature 
flexibility, and mechanical properties'. 

•Gi Computation of reactivity ratios for other rubberlike systems. 

P/ .0.ont.inu§rl production of 'GF^'CF-CF^GFg from GF.g='GFC.l. 

E." Synthesis of other' fluorinated dienes by thermal dimerizatiön of 
Olef ins. • 
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Fi Exploratory c©polymerization of additional monomer pairs- as new 
»monomers are made available by Bra.. 'Tarrant and Syver.son. 
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